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The industries such as mine, metallurgy, machine manufactur-
ing, chemical, electronics, and instrument, produce large quan-
tities of heavy metal wastewater every year, part of which is
poured into water bodies without treatment. This results in
the pollution of the aquatic environment (Lin and Juang,1731 926504; fax: +880 2
m (M.A. Habib).
y. Production and hosting by
Saud University.
lsevier
ND license.2002). Heavy metals are also common in industrial applica-
tions such as in the manufacture of pesticides and textile dyes
(Roberts, 1999). The heavy metal ions are stable with persis-
tent environment contaminants, since they cannot be degraded
and ruined in natural conditions. Heavy metal toxicity can re-
sult in damaged or reduced mental and central nervous func-
tion, lower energy level and damage to blood composition,
lungs, kidneys, liver and other vital organs. Allergies are not
uncommon and repeated long term contact with some metals
or their compounds may even cause cancer. The world-shaking
‘‘Minamata disease’’ and ‘‘Itai-itai disease’’ are just caused by
environmental pollution with wastewater containing mercury
and cadmium, respectively. In small quantities, certain heavy
metals are nutritionally essential for a healthy life. These met-
als are commonly found naturally in foodstuffs. However, hea-
vy metals become toxic when they are not metabolized by the
body and accumulate in the soft tissues. Heavy metals may en-
ter the human body through food, water, air or absorption
through the skin when they come in contact with humans in
agriculture and in manufacturing pharmaceutical, industrial,
264 M.A. Habib et al.or residential settings. Pb2+, Cu2+, Fe3+, Mn2+, Co2+, Ni2+,
Zn2+, Cd2+, Hg2+, Al3+ and Cr6+ are especially common
metal ions that tend to accumulate in organisms, causing
numerous diseases and disorders (Inglezakis et al., 2003;
Rivera-Utrilla andSanchez-Polo, 2003). These are also common
groundwater contaminants at industrial and military installa-
tions (Katircioglu et al., 2008). Therefore, these heavy metals
should be prevented from reaching the natural environments.
In order to remove toxic heavy metals effectively from me-
tal loaded wastewater, scientists and engineers have developed
processes and measurements for the treatment and disposal of
metal containing wastes, such as chemical precipitation
(Eccles, 1995), ion exchange (Xue et al., 1992), adsorption
(Hohl and Stumn, 1976; Kapoor and Viraghavan, 1998; Lee
et al., 1998; Gharaibeh et al., 1998; Kim and Lim, 1999;
Yu et al., 2000; Meunier et al., 2003; Yavuz et al., 2003; Sekhar
et al., 2003; Jang et al., 2005), membrane method (Tsezos and
Volesky, 1981), microﬁltration (Bayhan et al., 2001), reverse
osmosis (Qdaisa and Moussab, 2004), ultra sound and ﬂota-
tion (Jose, 2007), coagulation and sedimentation (Lin and
Huang, 1994). Among these, chemical precipitation method
has been commonly used. Besides the merits of the ongoing
methods to remove metals/metallo-compounds from aqueous
system, some debates still remain on the basis common execu-
tion. Among them, cost effectivity and selectivity to be
considered as vital factors.
However, solidiﬁcation/stabilization (s/s) of heavy metal-
bearing sludge, industrial residues and contaminated soil is
an attractive technology to reduce their toxicity and facilitate
handling prior to landﬁll (Valls and Vazguez, 2000; Collier
et al., 2006). In terminology, stabilization is a process of con-
verting a toxic waste to a physically and chemically more sta-
ble form, that is, it alters hazardous waste chemically to
produce a less toxic or less mobile form (Conner and Hoeffner,
1998; Yilmaz et al., 2003). It involves chemical interactions be-
tween waste and the binding agent. On the other hand, solid-
iﬁcation converts liquid waste, semi-solid sludge or a powder
into a monolithic form or granular material that will allow rel-
atively easy handling and transportation to landﬁll sites
(Conner, 1990; Glasser, 1997; Poon et al., 2004). In the solid-
iﬁcation and stabilization (s/s) process, selected binding mate-
rials like ordinary Portland cement (OPC), ﬂy ash, pozzolan,
lime, etc., have been using for binding the hazardous wastes.
The immobilization of the toxic wastes in the s/s process
may be due to chemical interaction of the hazardous wastes
with the solidifying agent or due to physical entrapment of
the hazardous wastes into the solidifying matrices. The tech-
nology of s/s is still developing and its chemical aspects are
not yet adequately understood. Currently, s/s technique is rec-
ognized as one of the solutions to ﬁx contaminants and has
been identiﬁed by the US EPA (Environmental Protection
Agency) as the Best Demonstrated Available Techniques for
57 regulated hazardous wastes (Shi and Spence, 2004). Many
researchers have been made attempts to entrap toxic sub-
stances using s/s technique. The results are widely published
elsewhere (Valls and Vazquez, 2002; Park and Batchelor,
1999a,b; Kumpiene et al., 2008). Cement based materials have
long been considered as a potentially important matrix for
solidiﬁcation and stabilization. The chemistry of cement, espe-
cially with regard to the mechanism of its hydration is still a
very active and controversial process. The main chemical reac-
tion that is considered in the hydration of cement is the forma-tion of colloidal calcium–silicate–hydrate gel, known as C–S–
H. It appears that the C–S–H product is formed at the cement
particle surfaces. The surface coating has been observed to
retard the setting of cement in the presence of heavy metals
(Tashiro, 1980; Tashiro et al., 1977).
Bangladesh reserves large amounts of natural resources,
such as clay, oil shale, gypsum and white sand that can be
mined by open pit. Therefore, utilizing of these naturally
occurring materials as adsorbent for remediation of heavy met-
als is of great national interest. In this paper, attempts have
been made to prepare cementitious materials from thermally
treated local clay (GWC 29) and lime to immobilize some me-
tal ions. Accordingly, we studied the entrapment of Hg2+,
Cd2+, Cr6+, Ni2+ and Zn2+ ions in TCP–lime cementitious
system and compared with ordinary Portland cement (OPC).
Leaching studies of the solid matrices have also been subjected
to ﬁnd out the entrapment capacity of the prepared cementi-
tious materials by the target metal ions.
2. Experimental
2.1. Materials
Ordinary Portland Cement was purchased from Chhatak
Cement Factory, Bangladesh; Local Clay (GWC-29) was
received from Geological Survey of Bangladesh; mercuric
chloride and nickel chloride were purchased as reagent grade,
from Loba Chemicals, India; cadmium sulfate, potassium
dichromate, nickel chloride, zinc nitrate and diphenylthiocar-
bazone (dithizone) as AnalaR grade, were purchased from E.
Merck, Germany; dichloromethane and ammonium hydroxide
were purchased as AnalaR grade, from BDH, UK. All the
chemicals were used as received without further puriﬁcation.
Deionized water was used throughout the experiments.2.2. Preparation of cementitious materials
Clay was powdered well in a mortar and then heated in Mufﬂe
furnace at 200, 400, 500, 600 and 700 C for 6 h. The clay pow-
der was taken out at 100 C and further cooled in desiccators
and stored. This was the treated clay powder (TCP). Prepared
TCP was mixed with requisite amount of lime using mortar
with hand grinding and the mixture was termed as cementi-
tious material and was kept in dry reagent bottle.2.3. Study of the reaction between lime and TCP mixture
Reaction progress between lime and TCP was carried out in
three different lime silica ratios. In the case of lime deﬁcient
mixture (C:S = 1:3 molar ratio (C = lime; S = silica)), about
2.9139 g of TCP was weighed into ﬁfteen 100 mL beakers.
Then 50 mL saturated lime solution containing 0.0215 mole
of Ca(OH)2 was added to each beaker and the beakers were
kept in a closed glass container. This system was ﬂushed by
nitrogen gas to avoid the contact with atmospheric carbon
dioxide. In addition, 50 mL saturated lime solution was taken
as reference. At predetermined times ranging from 1 to 100 h,
unreacted Ca2+ ions were determined by atomic absorption
spectrophotometer (AAS, AA-680, Japan) by adding suppress-
ing agent, strontium chloride. The same procedure was carried
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Figure 1 Progress of the reaction between silica in TCP and
Ca2+ in saturated lime with time.
Immobilization of heavy metals in cementitious matrices 265out in the case of other two TCP and lime ratios (C:S = 1:1
and 3:1) samples. The extent of the reaction between lime
and silica in each case was recorded from the fraction of lime
reacted. This fraction was determined by measuring of Ca2+
concentration in the reference lime solution.
2.4. Preparation of solidiﬁed samples of OPC and cementitious
materials with different metal ions
Solid sample of OPC containing metal ions was prepared by
adding 4 mL water (containing different amount of metal ion
to maintain the required ratios) into 10 g of OPC with constant
stirring where the water/cement ratio was maintained at 0.4.
The wet OPC sample was taken in a clean and pre-weighed
container and allowed to set under normal laboratory condi-
tions. The weight of the sample was measured by re-weighing.
Similarly, the cementitious materials of different metal ions
with different ratios were prepared but the water/cement ratio
was maintained at 0.8.
2.5. Leaching experiments
The leaching study of the solidiﬁed samples containing metal
ions was carried out in buffer and deionized water.
2.5.1. Leaching with buffer solution (pH 4.7)
One gram of lump of each of the solidiﬁed dry samples and
50 mL buffer solution (containing sodium acetate and glacial
acetic acid) were taken into a reagent bottle with ground stop-
per. The bottle was shaken mechanically for about 8 h and
then left undisturbed for 24 h. The supernatant liquid was
withdrawn and ﬁltered. The ﬁltrate and the washing were col-
lected into a 100 mL ﬂask. The volume was then made up to
the mark with deionized water.
2.5.2. Leaching with deionized water (pH 7.0)
The leaching with deionized water was carried out by taking
1.00 g sample and 50 mL deionized water in a reagent bottle
with ground stopper according to the above procedure.
2.6. Analysis of the samples
The appropriately diluted samples (Ca2+, Cd2+, Cr6+, Ni2+
and Zn2+) were analyzed by Flame atomic absorption spectro-
photometer using A-680/G,U-3 (Shimadzu, Japan) corre-
sponding blanks were run with deionized water. The
absorbance of the blank was subtracted from the absorbance
of the corresponding leached solution and the concentrations
of metal ions were determined from the respective calibration
curves. Hg2+ was determined spectrophotometrically. De-
tailed procedure is described in the following section. Infra-
red (IR) spectra were scanned using infrared spectrometer
(IR-470, Shimadzu, Japan). The IR spectra were obtained
through KBr pellet preparation, with 4 cm1 resolutions over
scanning range of 400–4000 cm1. Mufﬂe Furnace (ISUZU,
Japan) was used for thermal treatment of the clay samples.
2.6.1. Determination of the concentration of Hg2+
Dithizone (HDz) is widely used in the colorimetric analysis of
mercury, where the absorption of visible light is detected as ameasure of mercury concentration. About 0.1 g dithizone was
dissolved in 150 mL dichloromethane and ﬁltered. The sample
solution was then extracted repeatedly with dithizone solution
and Hg2+ was captured in the solvent layer as Hg(HDz)2. Two
100 mL portions of 0.075 M NH4OH were added with shaking
and the aqueous layers were collected. In aqueous NH4OH
phase, the Hg(HDz)2 was decomposed and Hg
2+ was liber-
ated. After that the liberated Hg2+ was further treated with
dithizone solution resulting Hg(HDz)2 complex of orange col-
or. Immediately absorbance of the colored solution was mea-
sured in acidic condition (H2SO4) at 490 nm (absorption
maximum of Hg(HDz)2) using UV–visible spectrophotometer
(UV-160 A, Shimadzu, Japan) (Liptak, 1994).
3. Results and discussion
3.1. Effect of lime ratio on the reaction between silica and
saturated lime solution Ca(OH)2
Progress of the reaction between treated clay powder (TCP)
and lime solution with different ratios of lime and silica
(C:S = 3:1, 1:1, 1:3) is shown in Fig. 1. The results show that
approximately 80% reaction was completed within 60 h for
C:S = 1:1 but about 45% reaction was completed within the
same time for C:S = 3:1. It is also to be noticed that even when
excess silica was present (C:S = 1:3) the reaction did not pro-
ceed beyond 80%. The saturated lime solution contained
21.5 mmol Ca(OH)2. Accordingly, the reaction did not pro-
ceed when the Ca2+ concentration dropped below this limit.
The reaction might be surface assisted and the reaction prod-
uct was calcium hydrosilicate (C–S–H) (James and Rao, 1986).
This was also main product when OPC was cured (set). The
highest reactivity of TCP was found for 600 C heated or high-
er temperature clay powder. Fig. 2 shows the IR spectra of
non-treated clay powder, thermally treated clay powder
(600 C) and pure silica, respectively. From the IR results, it
is clear that the thermally treated clay powder (600 C) shows
similar IR spectral-pattern that is observed for pure silica
(Fig. 2(b) and (c)), on the other hand, non-treated clay powder
shows different band positions as shown in Fig. 2(a). This indi-
cates that most of the silica, which was 66.5% in the clay, be-
came most reactive due to thermal treatment.
Figure 2 IR spectra of (a) untreated clay powder, (b) treated
clay powder (600 C) and (c) pure silica.
Figure 3 IR spectra of (a) hydrated air cured OPC, (b) hydrated
air cured cementitious materials (lime excess).
266 M.A. Habib et al.3.2. IR spectra of cured OPC and cementitious materials
The spectral band positions of dry OPC and cementitious
materials, hydrated OPC and cementitious materials at differ-
ent time intervals are shown in Table 1.
In dry OPC, the vibrational bands of silicate unit ðSiO44 Þ
are m3 (asymmetric stretching), m2 (in plan bending) and m4
(out of plan bending) appeared at 912, 457 and 518 cm1,
respectively (Nakamoto, 1978). On the other hand, in hydrated
air cured OPC, the major m3 (asymmetric stretching of SiO
4
4 )
band was shifted to higher energy with curing time as shown
in Table 1. After 28 days, no shifting was observed of the m3
band. The shifting of the m3 band to higher energy indicates
that the silicate units took part in polymerization resulted set-
ting and hardening and setting process was gradually com-
pleted within 28 days (Shreve, 1977). Interestingly, the major
m3 band showed single band position shifting from 912 to
988 cm1 after 7 days but band centers were observed with cur-
ing time: 896–1056 cm1 after 14 days; 896–1059 cm1 after
21 days and 896–1066 cm1 after 28 days (Gosh and Handoo,
1980 and Gard and Taylor, 1976).
The IR spectra of hydrated and cured TCP–lime mixture
(lime excess) are shown in Fig. 3 and Table 1. In the case of
dry cementitious materials and TCP–lime mixture, the bands
of silicate unit m3, m1 (symmetric stretching) and m2 appeared
at 1078, 787 and 464 cm1, respectively (Fig. not shown).Table 1 Infrared spectral bands of dry and hydrated air cured OPC
Sample Wavenumber of SiO44 =cm
1
m2 m3 m4
Dry OPC 457 912 518
HA OPC (after 7 days) 448 988 515
HA OPC (after 14 days) 448 896 (m)
1056 (s)
515
HA OPC (after 21 days) 448 896 (m)
1059 (s)
518
HA OPC (after28 days) 448 896 (m) 1066 (s) 518
HA OPC: hydrated air cured ordinary Portland cement; HACM: hydratFor hydrated air cured TCP–lime cementitious mixture, the
major m3 band appeared at 957–1018, 963–1024 and
1082 cm1 after 7, 14 and 28 curing days, respectively (Table 1).
The setting of the TCP–lime cementitious mixture also took
28 days for complete setting. The gradual shifting of IR band
to higher values from 7 to 28 curing days corresponds to the
setting process. From the above IR results, it can be concluded
that the cementitious material attained similar properties of
OPC on hydration and curing. The common carbonate bands
of the hydrated cured OPC and cementitious materials are fur-
ther evidence in this regard.
3.3. IR spectral evidence of the interaction between the OPC/
cementitious material and metal ions
IR spectra of 2% and 4% Hg2+ doped hydrated OPC and
cementitious material are shown in Figs. 4 and 5, respectively
(IR spectra for 6% not shown) and in Table 2. The character-
istic m3 band of the silicate unit was observed at 1021 cm
1.
With OPC, these bands were observed at 1018, 1014 and
1020 cm1 for 2%, 4% and 6% Hg2+, respectively (Fig. 4
and Table 2). On the other hand, for undoped cementitious
matrices, the m3 band was observed at 1082 cm
1 (Fig. 5) and
in the region 996–1066 cm1 (OPC, Fig. 4). Hg2+ seemed to
inﬂuence the IR spectra of both the cementitious material as
well as OPC. However, the concentration of Hg2+ seemed to
have some inﬂuences on the doped OPC rather than the
cementitious material. Shifting of the major band (m3) of sili-and cementitious materials.
Sample Wavenumber of SiO44 =cm
1
m1 m2 m3
Dry CM 787 464 1078
HACM (after 7 days) 787 461 957 (m)
1018 (s)
HACM (after 14 days) 790 963 (m)
1024 (s)
HACM (after 21 days) 794 461 1036
HACM (after 28 days) 787 1082
ed air cured cementitious materials.
Figure 5 IR spectra of hydrated air cured cementitious material
containing (a) 2% Hg2+ and (b) 4% Hg2+.
Figure 4 IR spectra of hydrated air cured OPC containing (a)
2% Hg2+ and (b) 4% Hg2+.
T
a
b
le
2
O
b
se
rv
ed
ch
a
ra
ct
er
is
ti
cs
o
f
m 3
v
ib
ra
ti
o
n
a
l
b
a
n
d
s
(c
m

1
)
o
f
ce
m
en
ti
ti
o
u
s
m
a
te
ri
a
l
a
n
d
O
P
C
co
n
ta
in
in
g
H
g
2
+
,
C
d
2
+
,
C
r6
+
,
N
i2
+
a
n
d
Z
n
2
+
io
n
s.
S
a
m
p
le
m 3
b
a
n
d
o
f
u
n
d
o
p
ed
m
a
tr
ic
es
/c
m

1
m 3
b
a
n
d
o
f
d
o
p
ed
m
a
tr
ic
es
/c
m

1
H
g
2
+
C
d
2
+
C
r6
+
N
i2
+
Z
n
2
+
6
%
4
%
2
%
6
%
4
%
2
%
6
%
4
%
2
%
6
%
4
%
2
%
6
%
4
%
2
%
S
iO
4

4
(C
M
)
1
0
8
2
1
0
2
1
1
0
2
1
1
0
2
1
1
0
2
4
–
1
1
1
0
9
6
6
–
1
0
2
4
9
6
6
–
1
0
2
4
1
0
2
7
1
0
2
7
1
0
3
4
1
0
1
8
1
0
1
8
1
0
2
0
1
0
3
0
–
1
0
7
5
1
0
3
0
–
1
0
7
8
1
0
3
4
–
1
0
8
2
S
iO
4

4
(O
P
C
)
8
9
6
(m
)
1
0
6
6
(s
)
1
0
2
0
1
0
1
4
1
0
1
8
1
0
2
4
–
1
1
1
0
1
0
2
1
–
1
1
1
0
1
0
2
4
–
1
1
0
7
1
0
2
7
1
0
2
7
1
0
3
4
9
9
8
(m
)
1
1
0
7
(s
)
9
9
5
(m
)
1
1
1
0
(s
)
9
9
8
(m
)
1
1
1
3
(s
)
1
0
1
4
–
1
1
0
4
9
9
8
–
1
1
0
4
1
0
0
2
–
1
1
0
7
C
M
:
ce
m
en
ti
ti
o
u
s
m
a
te
ri
a
ls
;
O
P
C
:
o
rd
in
a
ry
P
o
rt
la
n
d
ce
m
en
t.
m
:
m
a
in
;
s:
sh
o
u
ld
er
.
Immobilization of heavy metals in cementitious matrices 267cate unit in the cementitious matrices as well as in the OPC
suggests that there is lower degree of polymerization of silicate
units ðSiO44 Þ when Hg2+ ions were doped. The addition of
Hg2+ seemed to retard the formation of the silicate polymer
by blocking the hydration reaction.
The IR spectra of Cr6+ doped OPC and cementitious
matrices are shown in Figs. 6 and 7, respectively. The major
silicate band (m3) of OPC and cementitious matrices as
Cr2O
2
7 doped, appeared at 1034 cm
1 (0.1%) and 1027 cm1
(0.3% and 0.5%), respectively as shown in Table 2. This shift-
ing of m3 band comparison with the undoped matrices suggests
that polymerization of SiO44 unit is retarded by the Cr2O
2
7
ion in both cementitious matrices and OPC.
The m3 band positions of the silicate unit of Zn
2+ doped
OPC and cementitious matrices are shown in Fig. 8 (OPC)
and Fig. 9 (cementitious materials) and Table 2. Two charac-
teristic peaks of m3 band were observed in the case of cementi-
tious matrices while three different double peaks were
observed in the case of OPC. These double vibrational bands
for Zn2+ doped cementitious matrices and OPC may suggest
Figure 6 IR spectra of hydrated air cured OPC containing (a)
0.1% Cr6+ and (b) 0.3% Cr6+.
Figure 7 IR spectra of hydrated air cured cementitious material
containing (a) 0.1% Cr6+ (b) 0.3% Cr6+.
Figure 8 IR spectra of hydrated air cured OPC containing (a)
2% Zn2+ and (b) 4% Zn2+.
Figure 9 IR spectra of hydrated air cured cementitious material
containing (a) 2% Zn2+ and (b) 4% Zn2+.
268 M.A. Habib et al.that the silicate ðSiO44 Þ band splits into two bands by the inter-
action of Zn2+ with some silicate units. This interaction is sim-
ilar to that found in the case of Cd2+ doped matrices.The IR band positions for Cd2+ doped hydrated OPC and
cementitious matrices are shown in Table 2. The major silicate
(m3) band appeared as double peaks at 996 and 1024 cm
1 in
the case of 2%, 4% and 6% doped cementitious matrices,
while double peaks of m3 band for Cd
2+ doped OPC appeared
at 1024 and 1110 cm1 irrespective of the concentration of
Cd2+. This may suggest that there is a subtle difference in
the silicate network ðSiO44 Þ for cementitious matrices and
OPC. Similar results were observed in the case of Ni2+ as
shown in Table 2 (IR spectra not shown).
3.4. Leaching analysis of Hg2+, Cd2+, Cr6+, Ni2+ and Zn2+
ions trapped in the solidiﬁed matrices
The results of the leaching analysis of air cured OPC and
cementitious matrices containing different percentages of
Hg2+ and Cr2O
2
7 (Cr
6+) ions are shown in Table 3. Most
of the Hg2+ ions were signiﬁcantly retained (99%) by both
the cementitious matrices and OPC when water was used as
leaching agent. The other metal ions e.g., Ca2+, Cd2+, Ni2+
and Zn2+ behaved similar to Hg2+ as shown in Table 3. How-
ever, when acetic acid/sodium acetate buffer solution was used
as leaching agent only 20–45% ions were retained except Cr6+
whose retention was 75–89%.
The lower retention of metal ions in the solidiﬁed samples,
when buffer solution was the leaching agent, was probably due
to the replacement of ions like Ca2+, Hg2+, Cd2+, Ni2+ and
Zn2+ by Na+. It may also be due to the replacement of Ca2+
in C–S–H network causing its break down. This break down of
the network loosens the metal ions like Ca2+, Hg2+, Cd2+ etc.
In the solidiﬁed matrices Cr2O
2
7 (Cr
6+) is not exchangeable by
the acetate ions. Moreover, the break down of the C–S–H net-
work might also cause some loosening of the Cr2O
2
7 (Cr
6+)
ions. Consequently, there are some leached out (15–20%) of
Cr6+.
4. Conclusion
Therefore, it is concluded that clay materials can be used to
prepare cementitious materials through thermal treatment.
The prepared cementitious materials (mixture of treated clay
powder and lime) gained similar binding capacity for the
Table 3 Leaching analysis of metal ions entrapped in the solid matrices in distilled water (pH 7.0) and acetate buffer solution (pH
4.7).
Sample Retention (%)
Distilled water Buﬀer solution
Hg2+ Cd2+ Ni2+ Zn2+ Cr6+a Hg2+ Cd2+ Ni2+ Zn2+ Cr6+a
OPC+ 6% 99.16 99.07 99.47 98.81 90.45 19.46 39.24 81.29 23.66 86.94
OPC+ 4% 99.54 99.07 99.01 97.70 97.01 25.00 49.69 70.44 41.59 86.55
OPC+ 2% 99.57 99.30 97.23 95.12 99.95 26.78 30.23 28.30 45.73 85.00
CM+ 6% 99.37 99.36 99.09 99.98 97.96 20.41 20.22 41.86 36.70 89.87
CM+ 4% 99.66 99.56 98.66 99.70 99.99 27.30 20.44 30.57 27.74 85.52
CM+ 2% 99.67 99.64 96.96 97.63 99.99 27.81 23.40 37.11 15.00 75.00
a Amount of Cr6+ were taken as follows: OPC+ 0.5%; OPC+ 0.3%; OPC+ 0.1%, CM+ 0.5%; CM+ 0.3%+ CM+ 0.1.
Immobilization of heavy metals in cementitious matrices 269targeted metal ions such as Hg2+, Cd2+, Cr6+ (as Cr2O
2
7 ),
Zn2+ and Ni2+ as observed by OPC. Recently, we noticed that
clay can be used as additives in preparation of composite Port-
land cement (Habib et al., 2005). The prepared composite ce-
ment (clay: 19%; clinker: 79%; gypsum: 1–2%) gained
excellent compressive strength and setting time similar to those
OPC. Leaching study indicates that the prepared cementitious
materials can be used as cost effective binding materials to en-
trap almost 99% of the studied metal ions from aqueous sys-
tem through solidiﬁcation and stabilization method. Since
the solid matrices gained signiﬁcant compressive strength,
therefore, these can be used as bottom ﬁllers in construction
of highways.Acknowledgements
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